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Data Analysis

A total of 137 fish and invertebrabte specles were collected and recorded
during these crulmes. Of these, 32 species (listed in Tahle 2) accounted for
approximately 93-94% of both the total weight and number of individuals taken
by each vessel. Data for bay and striped anchovy (Anchoa mitehillis A.
hepsetus) were combined for analysis. Table 3 lists both the total weight and
number for all specles by vessel, and the totals for the 32 specieg
collectively.

Palred comparisons for differences in catch In numbers and welght between
vegsels were made for these specles. Due to the highly contagious
distribution patterns involved, nonparametric methods were employed. For
comparative purposes, analyses were also made using equivalent parametric
tests on log, (x+1) transformed data. As the effectiveness of such transforms
1s Influenced considerably by high zero catches (Pennington 1983}, we :
considered the nonparametric tests to be preferable (note also that the power
of nonparawetric tests may exceed that of parametric ones 1f the underlying
assumptions of the latter cannot be met). In any case results from both types
of tests were consistent, and accordingly only the results of neaparametric
testing are presented here.

In tests for overall vessel differences, we considered the catch of the
above 32 apecies as a multivariate response vector. A Hotelling T* test for
paired data (Srivastava and Catter 1983) was carried out on rank transformed
observations. (Conover 1980). Although alternative nonparametric methods ar%
avallable (Gerlg 1969, Puri and Sen 1971), the appllcation of the Hotelling T
test on raok transformed data was computationally convenlent and may be
considered equivalent for large sample sizes . Frledman®s tests were
conducted to evaluate vessel differences for individual specles.

RESULTS AND DISCUSSION

Catch Rateg

Analysis of data for the 32 specles considered indica%ed significant
overall differences between vessels in catch in numbers (T ﬁ91.13é P<.05) and
overall differences in catch in welght approached significance (T=58.39;
«10>P>.05), High correlations among catches of certain species necessitated
the use of a multivariate approach to evaluating differences in vessel
performance. This result is consistent with the observations of Overholtz
{1982) who demonstrated spatlally and temporally persistent assemhlages of
fish species on Georges Bank from NEFC survey results. Preliminary analyses
Indicate that distinct assemblaggs may be identified throughout the survey
reglon based on cluster analyses” which implies a lack of iladepeadence among
the response variables (catch-per—tow by specles). Accordingly, the results
cannot be considered as 32 independent tests in evaluating overall differences
in fighing power. To determine which specles were responsible for the
significant differences, we conducted Friedman”s test on an ilndividual species
basig.

Mean differences fun catch between the ALBATROSS IV and DELAWARE II in
which a given species was caught by at least one vessel are provided in Table
2. Also indicated is the number of occurrences of a species on at least one
vessel with the 142 palrs of tows studled. It is noteworthy that many specles
are characterized by a high proportion of zero catches.

To further evaluate vessel differences on an individual species basis,
Friedman”s tests were conducted for each of the 32 species (Table 2). Station
location was used as the blocking factor. Significant differences in catch in
number and weight were ohserved for four specles: yellowtail flounder
(Limanda ferruginea), windowpane {Scopthalmus aquosus), scup (Stemotomus
ehrysops and Aserican sand lance (Ammodytes americanus). Catch in welght was
higher on the DELAWARE II for each of these specles and catch in number was
higher on DELAWARE II for all but scup (Table 23, Significant differences fn
catch in number but not weight were also noted for little skate (Ragja
¢rinacea), shortfin squid (Illex illecebrosue), silver hake (Merluccius
bilingarie) and rock crab (Cancer irroratus). Catch in numher was higher on
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the DELAWARE IT for 1ittle skate, shortfla squid, and rock crab. Scatterplots
of the catch in weight For the ALBATROSS TV versus the DELAWARE I1 and the
catch in number for species which differed significantly between vessels are

provided {n Flgures 2 and 3 respectively. Considerable variabllity in catch
rates ig evident.

 Stratified mean catch per tow in weight for the specles which differed
significantly between vessels are provided in Table 4. The means and standard
errors have been estimated using the Delta distribution method (Penningten
1983)}. 1In this apptoach, catches are stratified into zero and non-zero
values; means and varlances of log-transformed non-zero catches are then
computed, weighted by the proportion of non-zero catches in the samples, and
tretransformed. The standard errors of the estimates are relatively high,
indicating that large sample sizes would be required to detect significant
differcnces between the vessels if the palred-tows approach were not taken.

Nohle et al. (MS 1980) reported significant differences between these
vessels for yellowtail flounder and Atlantic cod in catch in number and for
winter flounder for catch in both number and welght. A total of nine specles
were analyzed. With the exception of yellowtall flounder cateh in number,
catch rates for these specles were higher on the R/V DELAWARE I1I. Wo

significant differences were observed in total catch, however. It should be
noted that the test procedures used were not equivalent to that performed In
the present analyses.

The results of these experiments indlcated some evidence for differences
in fishing power between the ALBATROSS IV and DELAWARE II. Where aignificant
differences were observed, catch rates of the DELAWARE II were typically
higher, most notably for demersal specles. Despite the smaller displacement
of the DELAWARE II, the horsepower of this vessel exceeds that of the
ALBATROSS 1V, pessibly contributing to a tendency toward higher fishing power
for the DELAWARE I1.

Size Composition

To evaluate the possibility of differences in size selectivity between
the two vessels, we compared the size compositlon of catches using the
Kolmogorov-Smirnov two sample teat (Conover 1980). Size frequency
digtributions of the stratified mean number per tow for the elght species
which demonstrated significant differences in catch ln number and/or weight
are provided im Figure 4., No signiffcant differences (P>.05) in size
distributions were noted using the Kolmogorov-Smirnov two sample test
(Table 3) although it is possible that the test was not sufficiently powerful
to detect differences.

For species which differed significantly in terme of catch in number but
not in weight, it is necessary to account for the discrepancy in test
results. We noted a tendency for higher catches of swall individuals for
silver hake on the ALBATR0SS IV (Figure 4); since the weilghts of small
individuals is correspondingly small, sampling variability may have obscured
differences in cateh in weight between the two vessels. Similarly, for both
shortfin squid and rock crab, catches were dominated by small individuals and
differences may be more easily detected in number than in weight. The
discrepancy for little skate is more difficult to explaln, however, we did
note a distinct mode at smaller sizes on the DELAWARE IT which wag less
prominent for catches aboard the ALBATROSS 1IV.

CONCLUSTONS

Comparisons of the fishing power of the research vessels ALBATROSS IV and
DFLAWARE IT indicated no significant differences in overall catch In weight
for 32 specles. However, significant differences in catch In numbers were
"demonstrated. The multivariate analysis for overall differences In catch
rates was deemed appropriate due to intercorrelations of catches among co-
oceurring specles. This approach differs in evaluating overall differences in
catch rates by comparing total catches of all speclies combined in that the
regults are not influenced by catches of dominant specles alone.

Comparisons on an individual specles basis Indicated that vessel
performance differed for a total of elght specles in catch in number and/or
welght. We observed a tendency of higher figshing power in the DELAWARE 11,
particularly for demersal species., No significant differences in slze
gselectivity was obtained although trends were noted which may help explain
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dlacrepancies in analyses for catch in number and Ip welght.

We employed nonparametric tests Lo evaluate differences in vessel
performance due to the highly skewed digtvibution of catches. Results of the
nonparametric tests were consistent iv all cases with parametvic tests
performed on transformed data. The nonparametric tests are considered to be
preferahle due to the difficulty in normalizlog data characterized by a high
proportion of zeros. The use of rank trapsformed data io the context of &
multivariate parametric test (Hetelling T“) proved to be a computationally
convenlient approach which appears to he valid for large sample sizes.

Noble et al. (MS 1980) wmade comparisons of catch rates hetween ALBATROSS
TV and DELAWARE [T for total catch and for nlne i{ndlvudual species and
concluded that vessel effects were significant for 3 specles. WNo significant
differences Iu total catch In numbers or weight were observed. In splte of
differences In experimental design and methods of analysis between these
studies, both Indicate differences 1n the Ffishing power. Further studies
would clearly be beneficial; preferably, these should be based on experimental
designs permitting paired tows due te natural varlability in catch rates.
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Table 1. Characteristics of the National Oceanic and Atmospheric Administration (NOAA)
research vessels ALBATROSS IV and DELAWARE II which may centribute to
variability in bottom trawl survey data (after Byrne et al. 1981).

ALBATRGSS IV DELAWARE II

length 57.0m 47.2 m

Displacement 987.9 m tons 687.6 m tons

Shaft horsepower
Number of main engines
Propeller type
Rudder
Main winch,

Type

Line pull

Line rate
Trawl warp diameter
Officers

Towing point

1,130
2
Variable pitch

Kort nozzle

Free Spool
7257 kg
65.5 m/min
22.2 wm
NOAA Corp

Hydraulic gantry,
mpprox. 6.1 m above water line

1,230
1
Fixed pitch

Standard

Direct gear drive

. 8072 kg

36.3 m/min
25.4 mm
Civilian

Fixed gallows
Approx. 4.3 m above water line




“ranle 2. Number of occurrences aof 32 selected species taken on st least one of the vessels, mean difference in catch [(ALBATROSS 1V)
: catch - DELAWARE 11 catch) for each spevies, and results of Friedmen's test for differences in catch between vessols.

et
Mpan Difference in Catch Friedman's Test for Differences
Number of Keight Humber
Species CGeeurrences Welght (kg) Huher Chi-Square Significance Chi-Square Significance

seooth dogfish 24 0.241 -0.125 1667 L6831 0417 8382
(Muste{uo comisl

Spiny dogfish 34 ~-44,952 ~27.83% L6667 L4142 L4630 JAR62
{Squalus acanthice)

Little skate 93 8,542 -0.607 2.4104 L1198 3,887 0488
(Raja erinaceal

¥inter skote 62 -0.629 4,032 L1451 L7032 1.6129 -2041
{Raja ocallatal

Bay and striped anchovies 23 1.300 2415.652 L0435 L8345 1.0870 L2271
(Anchoa mitchillt, A. hepsetus)

Goosefish 48 -1.709 -1.167 3.5208 0606 3.0000 .083%
(Lophius americanus)

Atlantic cod 20 0.415 1,300 L0500 .823% -8009 L3711
(Gadus morhual

Haddock 19 0.195 -0.895 3.3684 ABbs 1.8947 L1687
(MeLanogrammuo aeglefinug)

Silver hake §24 4,385 63.976 9758 3232 7.7500 L0054
(Merluceius bilinearis)

Red hake 68 ~0.747 ~4.162 .5294 L4669 1.1912 L2751
(Urophystis chuss)

Spotied hake 32 -0.08% -2.719 i.1250 . 2888 2.0600 L1573
{Urophysis regius)

White hake 32 -G.482 -1.500 .2813 L5959 .5000 4795
(brophysis tenuig)

Gcean pout 24 ~0.075 -1.708 L6667 L4142 .3750 .5403
(Macroacarcen americanus)

Biuefish 38 0.747 0.78% L4211 5164 L1053 . 7456
(Pomatomus paltatriz)

Scup 43 «0.047 24,488 6.7209 0095 3.9302 0474
{Stenotomus chrysops)

Amcrican sand lance 4z ~{0.250 -41.762 5.3572 0206 4.6667 4308
{Ammody tea americanus)

Butterfish 112 ~0.388 29,116 L3215 L5707 .00%0 L5245
(Peprilus triacanthus)

Neorthern searobin 32 0.150 ~3.063 1.5130 -215% -5¢00 4795
(Pricenotus carciinusg)

Sea Teven 43 -0.09% 0.209 L0233 .8788 .0g30 .7604
(Hemitripterus amerieaiue}

Longhorn sculpin 49 ~3.100 ~2.918 -.0009 1.00600 L0816 151
(Kyoxocephalue cetodecemgpinosus)

Suxrer flounder 45 0.447 0.622 .2000 .6547 1.4222 .2330
(Perqlichthye dentatus)

Fourspot flounder 80 ~0.264 ~1.160 .6i25 L4538 L8000 L3711
(Paralichthya oblonga)l

Mindowpane 2! ~0.515 ~2.451 5.6338 L0176 4.0704 .0436
(Soophthalmus agquosus}

Aserican plaice 13 -2.923 -4,385 L6923 .4054 0769 .7815
(Bippoglossotides platessvidest

Yellowtail flounder 55 -2.575 -9,073 4.0909 L0431 5.8909 .0152
(Limanda ferrugineal

¥inter flounder 65 0.332 0.446 L0154 LH13 L5538 L4568
(Pagudopleuronectes ameriowtus)

Iovertobrates

Sen scallop 34 G.224 0.853 L4706 .4927 3.5588 .0592
(Placopecten magellanieus}

Shortfin squid 90 -0.862 -9.078 ~1.6000 L2059 5.3778 L0204
(fllex illecebrosus)

Longfin squid 110 0.041 96.827 4454 .5045 5818 44456
fbolige pealei)

Awmerican lobster 80 . 066 ~0.013 2.8125 -0935 1.0125 L3143
{fomarus americanus)

Jonah crab 48 -0.102 -0.563 1.3333 .2482 2.5208 L1124
{Cancar borealis}

Rock crab 17 ~0.037 ~3.01% 3.3247 -0682 7.4805 L0062

{Cancer irroratus)
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Table 3. Total number and weight (kg) for all species combined and for 32 selected
species tuken ahoard R/V ALBATROSS [V and R/V DELAWARE 1T during vessel
comparison trials, 4-29 October 1982,

Total No. of Total Wt. (kg) of
Vessel Total No, Total Wt. (kg) 32 Selected Species 32 Selected Species
ALBATROSS IV 207,756 11,025,0 195,684 10,297,7
DELANARE 11 132,971 13,848.4 123,860 13,122.5

Table 4. "Stratified mean catch per tow in weight and number and standard error of
each, for eight species with significantly different catch rates between
R/V ALBATROSS 1V and R/V DELAWARE II.

ALBATROSS 1V DELAWARE 11
Stratified Standard Stratified Standard
Species Mean Error Mean Error

Catch in Weight

Little skate 2.077 15.334 13.960 7.192
Silver hake 4,239 1.877 1.938 0.338
Scup 0.742 0,254 0.374 0.194
American sand lance G.003 0.001 0.074 0.291
Windowpane 1.293 0.382 1.0675 0.254
Yellowtail flounder 3.341 1.206 5.450 2.126
Shortfin squid 0.461 0.066 0.609 0.978
Rock crab 0.059 0.012 0.131 0.464

Catch in Numbers

Little skate 28,313 14.945 37,036 20.912
Silver hake 88,170 23.010 35,848 8.627
Scup 12.882 5.531 8.569 5.318
American sand lance 0.673 0.164 11.792 5.412
Windowpane 6.757 2.371 5.624 1.496
Yellowtail flounder 15.540 6.174 23.237 9,344
Shortfin squid 4,292 0.933 6.175 1.054
Rock crab 1.409 0.510 3.311 1.652




-9 -

Table 5. Estimated mean length and Kolmogorov-Smirney 2 - Sampie test statistics.

Mean Length (cm)

e et ettt e e 5 i oo 2-Tailed
Species ALBATRGSS 1v DEFAKARLE 1] K-5 Test I
Little skate 36.854 37.0062 1.323 0.060
Silver hake 12.813 12.720 1.630 0.239
Scup 10,364 9.668 0.783 0.573
American sand lance 13.304 12.406 1.155 0.139
Windowpane 23.877 23.151 0.679 0.745
Yellowtail flounder 28.206 28.962 0.600 0.864
Shortfin squid 15.060 13.450 0.788 0.564
Rock crab 5.71¢% 5.640 0.833 0.491

65

43

} N 4 " + 5 3 $ L N ¢ + 1 M 4

38

63

Figure 1. Approximate location of stations occupied during the
4-29 October 1982 rescarch vessel (ALBATROSS IV - DELAWARE 11)
fishing power experiment,
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